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(54) MANUFACTURE OF THIN FILM TRANSISTOR 
(57)Abstract: 

PURPOSE: To get a highly equal and high-performance polycrystalline Si TFT 
by applying a specified first energy density beam, and next, applying a specified 
second energy density beam when crystallizing an a-Si layer by the application 
of an excimer laser thereby making it into a polycrystalline Si layer. 
CONSTITUTION: The amorphous silicon (a-Si) layer stacked on an insulating 
substrate 1 1 is polycrystallized by the application of an excimer laser so as to 
manufacture a film transistor as a polycrystalline Si layer 12. In that case, when 
polycrystallizing the a-Si layer by the application of an excimer laser thereby 
making it into a polycrystalline Si layer 12, in the first place, a first energy density 
beam, which is higher than the threshold energy density at which the a-Si layer 
crystallizes and becomes polycrystalline Si and lower than the energy density at 



which the surface flatness of the polycrystalline Si layer crystallized from the 
a-layer becomes 40%, is applied to it. Next, a second energy density beam, 
which can fuse the defects remaining inside the grain of the polycrystalline Si 
layer made by the first energy density beam and on the boundary of the grain, is 
applied to it. 
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CLAIMS 
[Claim(s)] 

[Claim 1] In the manufacture approach of the thin film transistor which crystalizes 
the amorphous silicon (henceforth "a-Si") layer deposited on the insulating 
substrate by the exposure of excimer laser, and is used as a polycrystalline 
silicon (henceforth "poly-Si") layer In case said a-Si layer is crystallized by the 
exposure of excimer laser and it considers as a poly-Si layer Are higher than the 
threshold energy density which said a-Si layer crystallizes and serves as a 
poly-Si layer. And the 1st energy density light lower than the energy density from 
which the surface surface smoothness of the poly-Si layer crystallized from said 
a-Si layer becomes 40% is irradiated. Next, the manufacture approach of the 
thin film transistor characterized by irradiating the 2nd energy density light which 



may fuse the defect which remains in the interior of a grain and the grain 
boundary of said poly-Si layer which were formed of said 1st energy density 
light. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the thin film transistor 
using a poly-Si layer, and its manufacture approach with respect to the 
manufacture approach of a semiconductor device. 
[0002] 

[Description of the Prior Art] There is a excimer laser annealing technique as a 
technique which forms a poly-Si thin film transistor (henceforth "TFT") on 
insulating substrates, such as glass. This is the technique in which the a-Si layer 
deposited on the substrate tends to be crystallized by excimer laser, and it 
obtains a good poly-Si layer. As a technique of manufacturing a poly-Si layer 
using the conventional excimer laser annealing "High-Performance by KSera etc. 
TFT's Fabricated by XeCI Exicimer LaserAnnealing of Hydrogenated 



Amorphous-Silicon Film, "IEEE Trans . Electron Device and vol. ED -36, no 12 
pp.2868-2872 Dec There are some which are shown in 1 989. The manufacture 
approach of conventional poly-SiTFT using the poly-Si layer which crystallized 
such an a-Si layer and was used as the poly-Si layer is explained using drawing 
1_. 

[0003] Deposit an a-Si layer on a substrate 1 1 first, anneal this by the excimer 
laser of monoenergy consistency light, and it considers as the poly-Si layer 12 
( drawing 1 - (a)). After carrying out patterning of this poly-Si layer 12 to island 
shape furthermore, the sequential deposition of gate dielectric film (Si02) 13 and 
the poly-Si layer is carried out. After carrying out patterning of this poly-Si layer 
and considering as the gate electrode 14 ( drawing 1 - (b)), the ion implantation 
of the gate electrode 14 is carried out and carried out to a mask, and (Source S) 
drain (D) sections 16 and 17 are formed ( drawing 1 - (c)). Then, the interlayer 
insulation film 15 was deposited, opening of the contact section for wiring was 
carried out to this S that carried out the ion implantation, and the D sections 1 6 
and 17, and aluminum was considered as wiring 18 and 19 deposition and by 
carrying out patterning ( drawing 1 - (d)). Finally it protected by the passivation 
film 20, such as SiNx, ( drawing 1 - (e)). 

[0004] However, by such conventional production approach, it had the fault that 
many properties of NMOS in a substrate and each PMOS TFT tend to become 



uneven. For example, although the electric field effect mobility mu increases 
while exposure energy-density J of laser increases, as shown in drawing 4 , the 
variation within a substrate becomes remarkable in NMOSTFT. Moreover, like 
drawing 5 , the proof pressure Vbd between (Source S) (drains D) decreases 
with the increment in energy-density J, especially the variation of that of 
PMOSTFT becomes remarkable. The inclination of this PMOSTFT receives a 
leak current value. Therefore, when it produces by the exposure approach of the 
conventional laser, if NMOS and PMOS irradiate high electric field effect mobility 
with the method of profit, and a comparatively high energy density, aggravation 
of Vbd or a leak current value will produce them with generating of the variation 
in a property. Therefore, it was difficult to produce the device which has high 
electric field effect mobility in high homogeneity. 
[0005] 

[Problem(s) to be Solved by the Invention] This invention improves the fault of 
such a conventional technique, and offers high homogeneity and highly efficient 
poly-SiTFT. 
[0006] 

[Means for Solving the Problem] In the manufacture approach of TFT which this 
invention crystallizes the a-Si layer deposited on the insulating substrate by the 
exposure of excimer laser, and is used as a poly-Si layer In case said a-Si layer 



is crystallized by the exposure of excimer laser and it considers as a poly-Si 
layer Are higher than the threshold energy density which said a-Si layer 
crystallizes and serves as a poly-Si layer. And the 1st energy density light lower 
than the energy density from which the surface surface smoothness of the 
poly-Si layer crystallized from said a-Si layer becomes 40% is irradiated. Next, it 
is characterized by irradiating the 2nd energy density light which may fuse the 
defect which remains in the interior of a grain and the grain boundary of said 
poly-Si layer which were formed of said 1st energy density light. 
[0007] Here, when TAVE and the maximum thickness are set to TMAX and the 
minimum thickness is set to TMIN, the following formulas define average 
thickness as surface surface smoothness. 

Surface surface smoothness (%) =(TMAX-TMIN)/TAVEx100[0008] 
[Function] By this invention, it is higher than the threshold energy density which 
an a-Si layer crystallizes first and serves as a poly-Si layer, and the surface 
surface smoothness of the poly-Si layer crystallized from said a-Si layer 
determines the magnitude of the good grain in a poly-Si layer by irradiating the 
1st energy density light lower than the energy density used as 40%. 
[0009] As for the poly-Si layer produced at this process, many defects of the 
interior of a grain and a grain boundary remain. Then, the number of defects 
inside a poly-Si layer can be reduced by changing into a poly-Si layer the part 



which was a defect by irradiating the 2nd energy density light which may fuse the 

defect which remains in this interior of a grain, and a grain boundary. 

[0010] 

[Example] An example explains to a detail below. Except a excimer laser 
annealing process, since it is the same as previous drawing 1 , it explains using 
drawing 1 . first - the quartz substrate 1 1 top - LPCVD -- the 1000A a-Si layer 
was deposited in 550-degreeC by law. This was made into the poly-Si layer 12 
by excimer laser (KrF, oscillation wavelength of lambda= 248nm). In this case, it 
considered as the poly-Si layer, and the whole substrate surface was first 
irradiated with the beam of energy-density 270 mJ/cm2, and the whole substrate 
surface was continuously irradiated again with the beam of energy-density 450 
mJ/cm2 ( drawing 1 - (a)), then, this poly-Si layer 12 - island shape ~ patterning 
- carrying out ~ a it top - as gate dielectric film 13 ~ LPCVD ~ law ~ 1000A 
Si02 - depositing - the same - LPCVD - the 3000A poly-Si layer was 
deposited by law, patterning of the up poly-Si layer was carried out, and it 
considered as the gate electrode 14 ( drawing 1 - (b)). then, this gate electrode - 
a mask - an ion implantation - carrying out - source-drain regions 16 and 17 - 
forming ( drawing 1 - (c)) - as an interlayer insulation film 15 - LPCVD - after 
depositing 7000A Si02 by law, opening of the contact section for wiring was 
carried out. Next, after performing a hydrogen treating in 350-degreeC, AlSiCu 



was carried out deposition and patterning and it considered as wiring 18 and 19 
( drawing 1 - (d)). Finally patterning of the 1-micrometer SiNx was deposited and 
carried out with p-CVD method, and it considered as the protective coat 20 
( drawing 1 - (e)). 

[0011] Thus, the property of the electric field effect mobility mu of poly-SiTFT 
which annealed and was made from two or more energy density light is shown in 
drawing 2 , and the property of the proof pressure Vbd between source drains is 
shown in drawing 3 . Although the electric field effect mobility mu is small 
[ NMOS and PMOS ] about 20%, it is realized in the form where the variation in a 
substrate was moreover reduced for mu= 60cm2/V-s and a sufficiently high 
value by NMOS. Moreover, the proof pressure Vbd between source drains 
shown in drawing 5 improved remarkably, it is equalized and this inclination was 
seen also about many properties of other leak current values and threshold 
electrical potential differences. Therefore, when annealed with two or more 
energy density light in this way, it turned out that many of other properties are 
moreover made to improve and equalize, and it gets, having sufficiently high 
electric field effect mobility. 

[0012] He can understand the reason which brought about the improvement in 
general and equalization of such a property from observation of the poly-Si layer 
cross section by the transmission electron microscope (henceforth "TEM") 



shown in drawing 6 . (a) of drawing 6 is the monoenergy consistency light of 270 
mJ/cm2 (b). It is the mimetic diagram of the poly-Si layer cross section at the 
time of annealing respectively with the monoenergy consistency light of 450 
mJ/cm2. Each grain which constitutes a poly-Si layer with the increment in 
energy density becomes large, and the interior of a grain and a grain boundary 
become clear. However, surface surface smoothness deteriorates in connection 
with this. 

[0013] On the other hand, the case of the example mentioned above is shown in 
drawing 6 (c). The defect of the interior of a grain or a grain boundary can be 
fused without already changing most surface surface smoothness by the energy 
density light of 270 mJ/cm2 irradiated previously with the energy density light of 
450 mJ/cm2 which the magnitude of a grain is determined and irradiates a 
degree. Therefore, since the defect of the interior of a grain or a grain boundary 
is decreased without worsening surface surface smoothness, many properties of 
TFT improve. And rather than the case where an independent exposure is 
carried out with a high energy-density light of 450 mJ/cm2, it is considered that it 
has stopped receiving the variation in the energy distribution in a laser beam. In 
addition, the very high energy density before and behind 1000 mJ/cm2 is 
required at excimer laser to carry out melting of the single crystal silicon, and 
since ** is considered not to be poly-Si-ized about a defective part, but to take 



the structure near a-Si in the example of this invention, melting is possible only 
for a defective part with an energy density light comparatively lower than poly-Si. 
[0014] The energy density (270 mJ/cm2) of the 1st energy density light which 
should irradiate the a-Si layer in the above-mentioned example is the energy 
density between the threshold energy density which an a-Si layer crystallizes 
and serves as a poly-Si layer, and the energy density from which the surface 
surface smoothness of the poly-Si layer crystallized from the a-Si layer becomes 
40%. 

[0015] It asked for the threshold energy density ETH (180 mJ/cm2) which the 
a-Si layer which is the former crystallizes and serves as a poly-Si layer from the 
energy density dependency of the X diffraction reinforcement (111) (peak) of the 
poly-Si layer obtained after irradiating excimer laser at the a-Si layer of the 
example shown in drawing 7 . In drawing 7 , it turns out that the crystallinity of 
the grain which constitutes a poly-Si layer is improving bordering on the 
threshold energy density ETH (180 mJ/cm2) as energy density becomes large. 
[0016] Moreover, it asked for the energy density from which the surface surface 
smoothness which is the latter becomes 40% or less from the poly-Si layer cross 
section by TEM. 

[0017] The 2nd energy density luminous energy consistency needs to irradiate 
energy density required to fuse the defect of the interior of a grain, and a grain 



boundary- an example - the 2nd energy density luminous energy consistency - 
450 mJ/cm2 - carrying out ~ the 1st energy density light -- 180 mJ/cm2 - 
although enlarged, energy density [ at least ] bigger two or more 30 mJ/cm than 
the 1st energy density is required. In addition, when the energy density 
difference between J= 270+270, the exposure of same energy density light 
called J= 450+450, 1st energy density light called J= 270+290, and the 2nd 
energy density light is small, the TFT property is determined by the 1st energy 
density light, and the effectiveness of equalization is very small. 
[0018] Effectiveness with this invention same also not only on condition that the 
conditions of the example described above but the following is acquired. 

1. The thing of other oscillation wavelength, such as not only KrF but XeCI and 
ArF, is sufficient as excimer laser equipment. 

2. - the formation approach of a-Si - LPCVD - it did not remain only in law but 
could be formed with other p-CVD methods, the sputtering method, and vacuum 
deposition. 

3. As a substrate, an insulating substrate called not only a quartz substrate but 
other sapphire, glass, or organic films may be used. 

4. The exposure of a multistage story is also effective rather than it called it the 
1st [ two steps of not only exposures, the 1st energy density light / 2nd energy 
density light, but ] energy density light / 2nd energy density light / 3rd energy 



density light / 4th energy density light like this example about irradiating two or 
more energy-density light. 

5. Moreover, when irradiating a multistage energy-density light about 4 to what 
was already poly-Si-ized by furnace annealing instead of the 1st energy density 
light exposure, it is effective similarly. 
[0019] 

[Effect of the Invention] According to the excimer laser annealing process of this 
invention, the defect of the interior of a grain or a grain boundary can be 
decreased without a poly-Si layer changing most surface surface smoothness, 
NMOS and PMOSTFT of poly-SiTFT which were made using this poly-Si layer 
can improve and equalize many properties, such as electric field effect mobility, 
and, moreover, the property in a substrate can be equalized. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] The production process of poly-SiTFT. 

[Drawing 2] The electric field effect mobility of poly-SiTFT obtained according to 
the example of this invention is shown. 



[Drawing 3] The pressure-proofing between source drains of poly-SiTFT 

obtained according to the example of this invention is shown. 

[Drawing 4] The energy density dependence of the electric field effect mobility of 

poly-SiTFT obtained by the conventional technique is shown. 

[Drawing 5] The energy density dependence of the pressure-proofing between 

source drains of poly-SiTFT obtained by the conventional technique is shown. 

[Drawing 6] The mimetic diagram of a poly-Si cross section having shown how 

the grain of poly-Si obtained would change with exposure approaches of 

excimer laser. 

[Drawing 7] The energy density dependence of X diffraction reinforcement is 
shown. 

[Description of Notations] 

11 Substrate 

12 Poly-Si Layer 

13 Gate Dielectric Film 

14 Gate Electrode 

15 Interlayer Insulation Film 

16 17 Source-drain region 

19 18 Wiring 

20 Passivation Film 
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tH4 5 0mJ/c mZ<DM^*)^-&mtT°¥- 
D t> , u-+f-]f-Art©x^;l/^-^ 

fcfcx^y v U-if T?IM6ftS/ U =1 y fctt 
lOOOmJ/c m2Mt£©^1f tift^x*;^-^fi 

O^Tte p o 1 y - S i {tSftTfcS'f, a - S i Ki& 
^mm%t%$><Dt%z.t>tl%tcib, po ly-Sii 

[0 0 14] JilffllESKWfcfeH-* a - S i ■KSttfT'* 
1 ©X^;l/^-gM©x^;V^fi ( 2 7 0 m J 
/cm2) tt, a - S i /f tfSgUfcL p oly-Sil 

Lt^m^^-mmt a - s i a^^^k 

Lfc p o 1 y - S i S©^ffi¥±0't4^ 4 0 % fcfcSx* 
;l/^-fgS©K©x^;l/^-ffiS"P*«o 
[0 0 15] HU#T«&S a - S i H^H^L poly 
-S i0fcfcSL#VHtx*;I/4=-afftE TH (1 8 0m 
J/cm2) & N i7icSM»a-S i Htcx^ 
^U-1f^|>fLfc^{C#P.nfcpo ly-S il© 

xwmm& (din ©x*;i/^»fift 
e#«>fc„ 0 7 t?»x*;i/^-fgjif*^# < &s 
tcon, P o 1 y-s i®^^-r§^wy©ig 0 B Btt 

^ L#VM®x^;b^— ?gf§: E TO ( 1 8 0 m J / c m 2 ) 

[0 0 16] Sfc 0 %JKT 

tftSx^^-Sfgtt, TEM(Cj;§po 1 y-S i 

[0017] m2(D3-^)^-mwt(ox.^)\s$-m& 

mT'ltm 2 ©x^^-fififBtOx^I/^ffiJK* 4 5 
0mj/cm 2 ^ 1 ©x*;l/^-ffifi)K J: D 1 80 
m J / c m2^§ < Lfc*\ < fe^ 1 ©x^;l/^ 
— H30ml/c m 2JJi h±*ftX*;I/4Hl! 
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mit&g-V&Zo ftfej=2 7 0 + 2 7 O^J = 4 5 0 

+ 450 t\,^rcm-ttfr#-®myt(Dmi s Pj = 2 

7 0 + 2 9 0 t^-Dfcm I (D^J^-^m^6tm2 (D 

H 1 ©x^^-afftJKfct 0 T F TWttt4tt£S 

[0 0 18] *^tt^±^/c||j5Sfl|©^#{cPSP) 

1 . x^S/VU— IfSHfiK r F £1861* X eCl^A 

2. a-SiOH» LPCVDffiJgfrfcfcHS 
6f\ flSOp-CVDffi, X^y^f'jy^ H^&T* 

3. gfifcLTtt^Seo^ftS-r, i<Dt7 7-{t 

4. ^SccDx*;l/^fBfi^*fiai*-rscfc{c|iLT, * 
aaWfl© * 5 fc£ 1 ©x^l/^-ffifift/^ 2 ox*;b 

2 aBOJH«©»ft 6-f , S§ 1 ©x*;l/# 
-®fflt/m 2 <D3-*h¥-®fflt/m 3 ©x^;I/^- 

5. S 4 fz: HI L Hi ©x*;l/#-|&g)fc|IS& <Dfr 
*?DfdF7x-;Wc£DgE£po 1 y-S i{fc£ fife & 
<D(C$fLT> ^(Dx^^^g^^Ilfr § i§-& t> m 

[00 19] 

<fctUi\ po 1 y-S iS«iSE¥att^Si:A,^m 



flfcp o 1 y-S i T F TONMO SfeitfPMO S T 

mws^s^] 

[01] poly-SiTFTOffS/n'bXo 
[02] *«WO«ffilK:J:0#6nfcpo 1 y-S i 

t f Tom^mm&^mo 

[03] *aWO3fe««li:j:0#6tifcpo 1 y-S i 
T F T©V-X • FW^MKito 
[0 4] V&mttKZOtttlltp o 1 y-S i TFT 

[0 5] ^effit«fct)^e,nfcpo 1 y-S i TFT 
CDV-X- FW>MEOi^«S«S 
To 

[06] x*->Vl/— IfOJHSMrffiEioT* t#e»n§ 
po 1 y-S i O^W^HOJ:5li:S45*»*^b 
/■cp o 1 y-S i BrMO&SHo 
[0 7 ] Xt6IU»f3ilS©x*;l/^ffigfe#tt*jSfo 
[ft^M 

1 1 g£ 

12 poly-Sil 

13 ?-mmm 

14 y-Mts 

1 5 Ais*&«]g 

16,17 v-x • FwyS 

19, 18 @B£§ 

2 0 rty a yB 
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x*^*-!&JS( J ) [«J / cm 2 ] 
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[H2] 



t c m 2 / V ■ s 1 



10 0 



^ KM 0 S 

(|) PMO S 



0 



i i i 
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(8) 
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(5D int. ci. 5 mmz^ jT^giifPf fi mm^mrn 

H 0 1 L 21/324 Z 8617-4M 

27/12 Z 8728-4M 



